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[57] ABSTRACT

A countercurrent washing column adapted to be used in
purifying a crude crystalline material with a solvent. A
suspension of the crystalline material is fed to the top of
the column and flows downwardly therein countercur-
rent to a washing solvent. A vertically arranged agita-

" tor shaft is positioned in the column for axial rotation
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and carries a plurality of axially spaced paddles. Frusto-
conical baffles and guide plates are arranged within the
column to cooperate with the paddles to produce radi-
ally inward and outward movement of the suspension
and solvent as they flow through the column.

3 Claims, 1 Drawing Figure
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APPARATUS FOR THE PURIFICATION OF
TEREPHTHALIC ACID DIMETHYL ESTER

This is a division of application Ser. No. 467,833 filed

May 7, 1974, now U.S. Pat. No. 3,962,315.

The present invention relates to a process for the
purification of terephthalic acid dimethyl ester.

Terephthalate acid dimethyl ester (DMT), as starting
material for the manufacture of polyester fibers, fila-
- ments, films or sheets, has to meet special purity re-
quirements. The desired degree of purity either cannot
be obtained by rectification of a DMT-containing crude
ester, resulting for example from the liquid phase oxida-
tion of p-toluic acid methyl ester and subsequent esteri-
fication, or can be obtained only with considerable
expenditure of technology and energy. For this reason
recrystallization from methanol ts generally used as a
purification process for the preparation of DMT having
a high degree of purity. |

Although the state of the art provides various crystal-
lization agents which permit continuous crystallization
from solution, this crystallization process involves a
considerable cost, since each recrystallization com-
prises four steps which are mdependent one of the
other: that is, first, the preparation of a genuine solution,
optionally with a subsequent filtration; second, the crys-
tallization as such which is carried out by cooling and-
/or evaporation of the solvent; third, the separation of
the crystallized substance from the solvent phase con-
taining the impurities by filtration or centrifugation; and
fourth, the washing of the crystals obtained with pure
solvent. The crystallization must also be carried out in a
manner which ensures the constant presence of a suffi-
cient number of crystal nuclei, and a not too rapid
growth of crystals, since otherwise impurities are incor-
porated into the crystals as they formed.

It 1s therefore an object of the present invention to
provide a simple purification method which is suitable
especially for the purification of DMT and permits
above all a continuous operation.

This object of providing a simple and efficient process
for the purification of crude DMT, containing as impu-
rities mainly dimethyl isophthalate (DMI), dimethyl
orthophthalate (DMO) and p-toluic acid methyl ester
pTE), with the use of solvents known to be useful for
the recrystallization of DMT is achieved by adding the
"crude DMT in molten state with agitation to the sol-
vent, the temperature of which is maintained above the
temperature of that eutectic mixture of DMT and the
main impurities associated therewith which has the
highest melting point. As soon as the solvent is satu-
rated with DMT, pure DMT crystallizes. The impuri-
ties remain in molten state in the form of an eutectic and

are separated from the pure crystals by the solvent.
The substances DMI, DMO, and pTE identified as

main impurities of the crude DMT are for example
present in the case where the DMT is prepared accord-
ing to the so-called Katzschmann process by liquid
phase oxidation of p-xylene or p-xylene/pTE with oxy-
gen or air and subsequent esterification. Other impuri-
ties which may also be present in this DMT in very
small amounts can be neglected, since they dissolve
generally in the solvents used and thus do not crystallize
together with the pure DMT.

The process of the invention for the purlﬁcatlon of
crude DMT containing DMI, DMO and pTE as main
impurities may in principle be applied also to the purifi-
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cation of a DMT having other main impurities and,
generally, to the purification of contaminated solids
which melt without decomposition, inasmuch as the
phase diagram of the mixture in question is known or
may be evaluated, so that the position of the eutectics
and thus the temperature of the solvent may be deter-
mined.

As solvents for the process of the invention, practi-
cally all organic or aqueous-organic solvents known to
be useful for the recrystallization of DMT may be used,
for example benzene and the homologues thereof (tolu-
ene, xylenes, etc.), aliphatic hydrocarbons having from
3 to about 10 carbon atoms (when the lower hydrocar-
bons which become gaseous under atmospheric pres-
sure are used, operations are carried out under pres-
sure), aromatic, aliphatic or cyclo-aliphatic alcohols,
ketones, ethers, esters or acids. The compounds may
also have inert substituents such as halogen atoms (chlo-
rinated hydrocarbons !). Methanol is the preferred sol-

vent. Of course, also mixtures of the cited solvents may
be employed. | |
One condition for a successful DMT purification

- according to the process of the invention is to maintain
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the solvent at a temperature which is above the temper-
ature of that eutectic mixture formed by DMT and the
main impurities associated therewith which has the
highest melting point, since at a lower temperature not
only pure DMT but also all kinds of mixed crystals and
crystal mixtures precipitate. For example, the eutectic
of the binary system of DMT/pTE is at 28° C, and it
contains 4% of DMT; the eutectic of the system of
DMT/DMI solidifies at 64° C and contains 2% of
DMT. When a melt of DMT and DMO/DMI/pTE
(weight ratio 1 : 5 : 1) is allowed to solidify, pure DMT
crystallizes at 61°~ 62° C, and the remaining melt con-
tains only 5% of DMT. When the process of the inven-
tion is applied, the temperature of the solvent should
therefore not be below about 65° C because of the posi-
tion of the different eutectics. Thus, in this case, at a
temperature above 65° C, the crystallization of practi-

- cally pure DMT 1s ensured.
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By adding the hot melt of crude DMT to the solvent,
and by the heat generated during the crystallization of
the DMT, the temperature of the solvent rises to an
indesirable extent. It is therefore advantageous to con-
trol the pressure over the solvent in such a manner that
portions of the solvent are always able to evaporate and
thus remove heat. The solvent evaporated and recon-
densed in a cooling system, for example a reflux con-
denser, is subsequently recycled into the crystallization
solution. Of course, 1t 1s also possible to control the
temperature of the solution system by conventional
exterior cooling or the like of the receptacle or vessel
where the crystallization 1s carried out.

The purification process according to the present
invention may be carried out continuously or batch-
wise. It is especially advantageous to use a continuous
operation in which crude DMT melt and solvent may
be constantly fed into a conventional vessel provided
with an agitator, from which pure crystallized DMT 1s
constantly discharged; this DMT being mixed with the
solvent containing the impurities. This contaminated
solvent may be easily separated from the DMT (for
example by washing). |

The solvent 1n the crystallization vessel always re-
mains saturated with DMT.

It is especially advantageous to carry out the process
continuously in a vertical counter-current washing col-
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umn provided with an agitator device; a ccndenser, a

melt inlet and a solvent outlet in its upper part; and at

least one solvent inlet and a product outlet in its lJower

part. With constant agitation, crude DMT melt 1s con--

stantly fed in via the melt inlet, pure solvent is fed via
the solvent inlet, the impurities-containing solvent is
dlscharged via the solvent outlet, and crystallized pure
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decreases, and the influence of the specific grawty dlf- :
- ference between the solid and liquid begins to become
~ the decisive influence governing the movement of the

partlcle, while the liquid, which is continuously fed in,
moves in the opposite direction from the separatlon
zone, and thus both the solids and llquld flow again in

- their original direction. Depending on the desired puri- -

DMT is dishcharged via the product outlet. In this

mode of operation, it has proved to be especially advan-
tageous to use a paddle agitator in the vertical counter-

current washing column, and to provide this column

with frusto-conical interior wall baffles and frusto-coni-
cal guide plates alternately inclined upwards and down-
wards, which guide plates have central openings of
about the size of the paddles and are solidly fixed to the

column wall in such a manner that there is a distance

between them and the column walls which is about the

same as the horizontal projection of the _frustc-ccnical.

_ wall baffles.

The especially advantageous embodiment of the pllI‘l- |
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fication process of the invention which is carried out in
a vertical counter-current washing column will be more -

clearly understood by reference to the accompanying
drawing. The vertical counter-current washing column
1 is provided with a paddle agitator 2 having paddles 3
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as agitating elements. At the top of the column, thereis

an outlet 4 which is connected to a conventional con-
denser (not shown in the drawing). The column is pro-

vided in its upper part with a melt inlet § and a solvent

outlet 6. The stabilizing plate 7 serves to stabilize possi-
ble turbulences of the liquid in the column. The lower

30

part of the column is provided with a solvent inlet 8 and _'
a product outlet 9, If desired, further solvent inlets may

be arranged above solvent inlet 8. The interior wall of
the column is provided with frusto-conical wall baffles

10 and frusto-conical guide plates 11 alternately in-

clined upwards and downwards. The guide plates 11

are solidly fixed to the column wall by connecting rods
or similar devices (not shown in the drawing).

- For the puriﬁcaticn operation according to the pre-
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~fication effect, the number of these process steps or

stages in series-connection may vary. It is necessary to
guide the streams emerging coaxially in the vicimty of .
the circumference of the baffles to the axial aspirating
sections of the paddles of two neighboring stages which

is carried out in this case by vertical series-connection
of the stages with interposition of further fixed frustum-

shaped gulde devices, that is, frusto-conical wall baffles. |

The minimum number of the described stages de-
pends on the desired purification effect and on the so-
lids/solvent ratio. There is practically no upper limit for

~ the number of stages. Above DMT outlet 9 at the lower
end of the column, there is a thickening zone as usual. -

The product is discharged either by free falling or by -

“means of a known dlscharglng device, for example a

slurry pump.
" The lower limit of the rotational Speed of the agltatcr

is governed by the corresponding decrease of the turbu-

lence because of a lower circumferential speed of the

paddle. The maximum number of revolutions is limited

by the volume of the stabilizing zone in the v1cnnty of

- the solvent outlet.

‘When the column operates, the DMT follcws approx-
imately the path illustrated by the dotted line 12-and the
solvent follow the path illustrated by the dotted line 13.
The solvent which evaporates because of the liquid
phase being heated by the hot crude DMT melt intro-

duced, and by the heat of crystallization after passing
through duct 4 to the reflux condenser, and 1s recycled

into the column.

sent invention in this vertical counter-current washing

column, pure solvent is constantly fed in via solvent
inlet 8, and, having absorbed the impurities: from the

crude DMT discharged via solvent outlet 6. The crude

DMT is introduced into the column via melt inlet 5 and
thus continuously fed into the solvent being agitated.

The crystallization substantially takes place 1mmedi-
ately after the melt has been introduced dropwise into
the solvent, so that the upper part of the column may be
defined as a crystallization zone. Because of the specific
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-The fcllowxng examples 111ustrate the invention.- '

EXAMPLE 1 __
2000 ml of methanol (= 1600 g) are 1ntrcduced into

~and heated to boiling in a four-necked flask having a

capacity of 3 1 and provided with agitator, reflux con-

denser, thermometer and heatable dropping funnel.

With homogeneous agitation, 800 g of DMT melt, con-

taminated by 10% of DMI, are added dropwise to this

- solvent. Until saturation, the DMT dissolves, and there-
~ after it crystallizes directly to uniform little plates. The
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gravn:y difference between the DMT crystals and the

liquid in the column, the DMT crystals move down-
wards from the crystallization zone into the agitation
range of paddle agitator 2, where intense mixing with
the current of the solvent moving in the opposite direc-
tion (upwards) takes place. The mixing zone comprises

55

a radially acting, bilaterally aspirating paddle wheel

having a vertical axle, the paddle location of which
causes the formation of a turbulence zone providing
effective mixing of the solids and liquid, and the con-
veyance of the mixtures in radial direction. By means of
the fixed frusto-conical guide plates 11 mounted above
and below the paddles 3, the current liquid mixture

ejected by the paddles 3 is led outward in a path that

diverges both radially and axially and thus the flow rate
decreases on account of the increase of the cross-section
of the flow rate. With decreasing flow rate the entrain-
ing force of the liquid exerted on the solid particles also
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‘methanolic phase containing the rmpurltles is poured off
in hot state, the crystallized DMT is washed with hot
methanol, suction-filtered and dried. The purity of the
" DMT so obtained is exceptionally high; the analysis

result 1s <30 ppm of DMI.

EXAMPLE 2

As described in Example 1, 800 g of DMT melt, con-
taminated by 9.2% of DMI and 3.8% of DMO, 1s added
dropwise to the boiling solvent mixture of 450 g of pTE
and 1450 ml (= 1150 g) of methanol. The crystais
formed are washed with hot methanol, suction-filtered
and dried. The analysis result is 750 ppm of pTE, 20
ppm of DMO and <30 ppm of DML

EXAMPLE 3

As described in Example 1, 800 g of DMT melt, con-
taminated by 1.0% of DMO, 5.4% of DMI and 1.2% of
pTE, are added dropwise to the boiling solvent mixture
of 1280 g of methanol and 320 g of methylene chloride



4,040,793

S

(boiling point at 760 torrs 55.5° C). The crystals formed
are washed with hot methanol, suction-filtered and
dried. The analysis result is <20 ppm of DMO, <20
ppm of DMI, 40 ppm of pTE

EXAMPLE 4

In a counter-current washing column used as a CTys-
tallizer (as shown in the accompanying drawing) having
a diameter of 220 mm, provided with 12 agitating zones,
and a reflux condenser, 98 kg per hour of crude DMT
melt containing 93% of DMT, 1% of DMO, 5% of
DMI and 1% of pTE are fed in at the top via a feeding
jet, pumped by means of a gear pump. The agitation
zones are produced by rotating paddles which are
mounted on a common shaft. The paddles vigorously
mix the solid and the liquid phase and radially convey
the mixture to the surrounding stabilization zones.
~ While the crystallized DMT in the lighter methanolic
phase sinks downwards and, passing the frusto-conical
guide plates and the frusto-conical wall baffles, falls into
the suction zone of the next mixing stage, the methano-
lic phase is forced to flow in a counter-current direction
by pumping 304 kg per hour of fresh methanol into the
suction zone of the lowest paddles, and by discharging

116 kg per hour of methanolic solution via the solvent

outlet at the top of the column. The methanolic phase
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After centrifugation and drying, the DMT so ob-
tained contains 3 ppm of DMI 2 ppm of DMO and 6
ppm of pTE

What 1s claimed is:

1. Apparatus adapted to be used in purifying a crude

crystalline material comprising in combination a coun-
ter-current washing column, an inlet for said crude
material in molten or solvent suspension form near the
top of said column, an inlet for fresh solvent near the
bottom of said column, an outlet for solvent vapors near
the top of said column, an outlet for solvent containing
dissolved impurities and crystals near the top of said
column, an outlet for purified crystals near the bottom
of said column, an agitator shaft arranged for axial rota-
tion within said column and carrying a plurality of
axially Spaced paddles, a frusto-conical baffle between
each pair of adjacent paddles extending inwardly and
downwardly from the interior wall of said column and
a frusto-conical guide plate located between each baffle
and, the, proximate paqdle, of said agitator shatt, said
guide plate havmg a central opening and being spaced
inwardly from the wall of said column and converging

* in the direction of said proximate paddle whereby vig-
" orous agitation of the mixture of crystals and solution

25

enters the different agitation zones at the suction face of 30

the paddles and flows through the sinking DMT crys-
tals. The bottom of the column serves as a thickening
zone, from which, by means of a screw pump, 286 kg
per hour of suspension having a solids content of 29%

are discharged.
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occurs in the central portions of said column and coun-
ter-current flow of the solution and crystals occurs in
the peripheral portions of said column.

2. Apparatus according to claim 1 wherein the maxi-
mum diameter of said guide plates is approximately the
same as the minimum diameter of said baffles.

3. Apparatus according to claim 1 wherein the diame-
ter of the path of travel of said paddles 1s apprommately
the same as the diameter of the central opening of said

guide plates.
k %k %k & X
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